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(57) ABSTRACT

A lithographic projection apparatus is disclosed that includes
a table, a shutter member, a fluid handling structure, and a
fluid extraction system. The fluid handling structure may be
configured to supply and confine liquid between a projection
system and (i) a substrate, or (ii) the table, or (iii) a surface of
the shutter member, or (iv) a combination selected from (i)-
(iii). The surface of the shutter member may adjoin and be
co-planar with a surface of the table. The surfaces of the
shutter member and the table may be spaced apart by a gap.
The fluid extraction system may be configured to remove
liquid from the gap.
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1
LITHOGRAPHIC APPARATUS AND A
METHOD OF OPERATING THE APPARATUS

This application claims priority and benefit under 35
U.S.C. §119(e) to U.S. Provisional Patent Application No.
61/071,965, entitled “Lithographic Apparatus and a Method
of Operating the Apparatus”, filed on May 28, 2008, and to
U.S. Provisional Patent Application No. 61/136,030, entitled
“Lithographic Apparatus and a Method of Operating the
Apparatus”, filed on Aug. 7, 2008. The content of each of the
foregoing applications is incorporated herein in its entirety by
reference.

FIELD

The present invention relates to an immersion lithographic
apparatus.

BACKGROUND

A lithographic apparatus is a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which is alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transferred onto a target portion (e.g. compris-
ing part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire
pattern onto the target portion at one time, and so-called
scanners, in which each target portion is irradiated by scan-
ning the pattern through a radiation beam in a given direction
(the “scanning”-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

It has been proposed to immerse the substrate in the litho-
graphic projection apparatus in a liquid having a relatively
high refractive index, e.g. water, so as to fill a space between
the final element of the projection system and the substrate. In
an embodiment, the liquid is distilled water, although another
liquid can be used. An embodiment of the present invention
will be described with reference to liquid. However, another
fluid may be suitable, particularly a wetting fluid, an incom-
pressible fluid and/or a fluid with higher refractive index than
air, desirably a higher refractive index than water. Fluids
excluding gases are particularly desirable. The point of this is
to enable imaging of smaller features since the exposure
radiation will have a shorter wavelength in the liquid. (The
effect of the liquid may also be regarded as increasing the
effective numerical aperture (NA) of the system and also
increasing the depth of focus.) Other immersion liquids have
been proposed, including water with solid particles (e.g.
quartz) suspended therein, or a liquid with a nano-particle
suspension (e.g. particles with a maximum dimension ofup to
10 nm). The suspended particles may or may not have a
similar or the same refractive index as the liquid in which they
are suspended. Other liquids which may be suitable include a
hydrocarbon, such as an aromatic, a fluorohydrocarbon, and/
or an aqueous solution.
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Submersing the substrate or substrate and substrate table in
a bath of liquid (see, for example, U.S. Pat. No. 4,509,852)
means that there is a large body of liquid that should be
accelerated during a scanning exposure. This may require
additional or more powerful motors and turbulence in the
liquid may lead to undesirable and unpredictable effects.

One of the arrangements proposed is for a liquid supply
system to provide liquid on only a localized area of the sub-
strate and in between the final element of the projection
system and the substrate using a liquid confinement system
(the substrate generally has a larger surface area than the final
element of the projection system). One way which has been
proposed to arrange for this is disclosed in PCT patent appli-
cation publication no. WO 99/49504. As illustrated in FIGS.
2 and 3, liquid is supplied by at least one inlet IN onto the
substrate, preferably along the direction of movement of the
substrate relative to the final element. Liquid is removed by at
least one outlet OUT after having passed under the projection
system. That is, as the substrate is scanned beneath the ele-
ment in a —X direction, liquid is supplied at the +X side of the
element and taken up at the -X side. FIG. 2 shows the
arrangement schematically in which liquid is supplied via
inlet IN and is taken up on the other side of the element by
outlet OUT which is connected to a low pressure source. In
the illustration of FIG. 2 the liquid is supplied along the
direction of movement of the substrate relative to the final
element, though this does not need to be the case. Various
orientations and numbers of in- and out-lets positioned
around the final element are possible, one example is illus-
trated in FIG. 3 in which four sets of an inlet with an outlet on
either side are provided in a regular pattern around the final
element. Liquid is supplied as represented by arrows directed
away from the rectangular features in FIG. 3. Liquid is
removed as represented by arrows directed towards the rect-
angular features in FIG. 3.

A further immersion lithography solution with a localized
liquid supply system is shown in F1G. 4. Liquid is supplied (as
shown by arrows in FIG. 4) by two groove inlets IN on either
side of the projection system PS and is removed (as shown by
arrows in FIG. 4) by a plurality of discrete outlets OUT
arranged radially outwardly of the inlets IN. The inlets IN and
OUT can be arranged in a plate with a hole in its center and
through which the projection beam is projected. Liquid is
supplied by one groove inlet IN on one side of the projection
system PS and removed by a plurality of discrete outlets OUT
on the other side of the projection system PS, causing a flow
of'a thin film of liquid between the projection system PS and
the substrate W. The choice of which combination of inlet IN
and outlets OUT to use can depend on the direction of move-
ment of the substrate W (the other combination of inlet IN and
outlets OUT being inactive).

In European patent application publication no. EP
1420300 and United States patent application publication no.
US 2004-0136494, each hereby incorporated in their entirety
by reference, the idea of a twin or dual stage immersion
lithography apparatus is disclosed. Such an apparatus is pro-
vided with two tables for supporting a substrate. Leveling
measurements are carried out with a table at a first position,
without immersion liquid, and exposure is carried out with a
table at a second position, where immersion liquid is present.
Alternatively, the apparatus has only one table.

PCT patent application publication WO 2005/064405 dis-
closes an all wet arrangement in which the immersion liquid
is unconfined. In such a system the whole top surface of the
substrate is covered in liquid. This may be advantageous
because then the whole top surface of the substrate is exposed
to the substantially same conditions. This may have an advan-
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tage for temperature control and processing of the substrate.
In WO 2005/064405, a liquid supply system provides liquid
to the gap between the final element of the projection system
and the substrate. That liquid is allowed to leak over the
remainder of the substrate. A barrier at the edge of a substrate
table prevents the liquid from escaping so that it can be
removed from the top surface of the substrate table in a
controlled way. Although such a system improves tempera-
ture control and processing of the substrate, evaporation of
the immersion liquid may still occur. One way of helping to
alleviate that problem is described in United States patent
application publication no. US 2006/0119809. A member is
provided which covers the substrate W in all positions and
which is arranged to have immersion liquid extending
between it and the top surface of the substrate and/or substrate
table which holds the substrate.

The immersion system may be a fluid handling system or
apparatus. In one embodiment the fluid handling system may
supply immersion fluid or liquid and therefore be a fluid or
liquid supply system. In an embodiment the fluid handling
system may confine fluid or liquid and thereby be a fluid or
liquid confinement system. In an embodiment the fluid han-
dling system may provide a barrier to fluid or liquid and
thereby be a barrier member. In an embodiment the fluid
handling system may create or use a flow of gas, for example
to help in handling liquid. In an embodiment immersion
liquid rather than immersion fluid is used. In that case the
fluid handling system may be a liquid handling system. The
fluid handling system is located between the projection sys-
tem and the substrate table.

SUMMARY

After exposure of a substrate in an immersion lithographic
apparatus, the substrate table is moved away from its expo-
sure position to a position in which the substrate may be
removed and replaced by a different substrate. This is known
as substrate swap. In a two stage lithographic apparatus, for
example ASML’s “Twinscan” machine, the substrate tables
swap position, such that one of the substrate tables takes the
place of another substrate table under the projection system.
When, for example, a substrate is processed and its substrate
table is swapped with another substrate table, the substrate is
removed and replaced, i.e., the substrate is swapped.

It is desirable to keep immersion liquid flowing in the fluid
handling system during substrate and/or substrate table swap.
However, when a substrate table is moved away, there may be
a risk of losing liquid from the fluid handling system. To
prevent the loss of liquid, a shutter member may be positioned
under a liquid confinement structure of the fluid handling
system. A shutter may be a part of the substrate table away
from the substrate holder of the table, as shown in FIG. 7. The
shutter member may be a separate table, such as a measure-
ment table which might not support a substrate. In another
embodiment, the shutter member may be a closing member,
such as a closing disk. The closing disk is temporarily
mounted under the fluid handling system or liquid confine-
ment structure, and released when the substrate swap is fin-
ished. See FIGS. 8 to 9 for closing disk examples.

Before substrate and/or substrate table swap the closing
disk is located on the substrate table and is maneuvered under
the fluid handling system or liquid confinement structure to
be picked up, for example, by a mechanism of the fluid
handling system or liquid confinement structure. In an
embodiment, the closing disk may be held by the fluid han-
dling system or liquid confinement structure between the end
of exposure of the previous substrate and the beginning of
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exposure of the next substrate. The time available for this time
period may be as much as four seconds. During the swap, the
liquid and gas flows (for example extracting under-pressures
and gas knife flows) through fluid handling system or liquid
confinement structure are adapted to enable pick up of the
closing disk. However, undesirably the changes in liquid and
gas supply may cause temperature changes in the fluid han-
dling system or liquid confinement structure which may
affect overlay.

In addition, physical contact of the closing disk and the
fluid handling system or liquid confinement structure may be
undesirable and may be avoided. Some contact may still
happen and such contact may cause contamination, such as
particle contamination, which may lead to defects on the
processed wafer.

A retractable extension or bridge between two substrate
tables, also known as a “swap bridge” (SWB), is another form
of shutter member. It is a temporary extension of a substrate
table which enables substrate tables to exchange positions,
for example under the projection system, without the physical
contact between the fluid handling system or liquid confine-
ment structure and the shutter member. A top surface of the
bridge adjoins and is co-planar with a top surface of the
substrate table. The retractable bridge enables the fluid flow
of'the fluid handling system or liquid confinement structure to
be maintained. See FIGS. 10 and 11 for examples. Thus the
sources of contamination and the temperature fluctuations of
the fluid handling system or liquid confinement structure are
further reduced and are desirably minimized. In using the
retractable bridge, the defectivity and overlay performance of
an immersion system may improve. Because in this arrange-
ment it is not necessary to pick-up and put down a closing
disk, the time period for substrate swap, between exposures of
successive substrates, may be reduced. So throughput may
increase.

The retractable bridge comprises a supporting surface, also
known as a “bridge deck”, a docking system and a lift system.
The supporting surface is the surface that prevents liquid from
being lost from the fluid handling system or liquid confine-
ment structure. The docking system is configured to keep the
supporting surface connected to the substrate table during
substrate swap, with the supporting surface substantially in
the plane of the surface of the substrate table. The lift system
is constructed and arranged to move, i.e. to extend and retract,
the retractable bridge into position for substrate swap.

Because the retractable bridge is retractable and helps to
close the gap between the substrate tables there may well be
one or more small gaps between the different parts, in the
surface opposing the fluid handling system or liquid confine-
ment structure, for example between the supporting surface
and the substrate table. These gaps are present to prevent
direct contact between the retractable bridge and the substrate
table. Direct contact between these components or indeed
between the tables (such as two substrate tables or a substrate
table and a measurement table) is a source of machine damage
and/or position errors. Through these gaps immersion liquid,
such as water, may be lost from the liquid provided by or
confined in the fluid handling system or liquid confinement
structure. The lost liquid may fall through a gap onto compo-
nents below. The lost liquid can cause damage and contami-
nation to these components.

There are other gaps over which the liquid provided by or
confined in the liquid handling system or confinement struc-
ture must pass. For example, substrate swap can take place by
movement of one table followed by another table under the
projection system and liquid handling structure or confine-
ment structure without the use of a retractable extension or
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bridge. For example, a first substrate table may be directly
followed by a second substrate table or a measurement table
without any (moveable) structure between the two tables.
Another gap may be present between a top surface of the
substrate table and the substrate itself. It is usual for a sub-
strate to sit in a recess in the top surface of the substrate table
so that the top surface of the substrate table is substantially
co-planar with the top surface of the substrate. In order to
account for variations in substrate size (i.e. tolerance) the
recess has a slightly larger width dimension than that of the
substrate. Therefore a gap exists between the top surface of
the substrate table and the top surface of the substrate.

In a fluid handling system or liquid confinement structure,
liquid is confined to a space, for example within a confine-
ment structure by the body of the structure, the underlying
surface (e.g. a substrate table, substrate supported on the
substrate table, shutter member and/or measurement table)
and a liquid meniscus between the fluid handling system or
liquid confinement structure and the underlying structure.
The underlying surface, including, for example the retract-
able bridge during substrate swap, moves relative to the
meniscus, such as, under it. During such movement, for
example, it is possible for bubbles to become enclosed by the
meniscus, for example from gas entering from the gaps next
to the components of the retractable bridge.

Itis therefore desirableto provide a system for dealing with
the situation of a gap passing relative to a liquid handling
structure or confinement system in an immersion apparatus,
for example, under liquid handling structure or confinement
system. It is further desirable to maintain, or minimize the
reduction in, the speed of relative motion between the liquid
confinement structure and the underlying surface during sub-
strate and/or substrate table swap. Lowering the speed may
reduce throughput. It is desirable to reduce the size and/or
number of bubbles enclosed by the meniscus.

In an aspect of an invention there is provided an immersion
lithographic apparatus comprising: a substrate table config-
ured to support a substrate; a shutter member having a top
surface, wherein, in use, the top surface is substantially co-
planar with a surface of the substrate table and the surfaces of
the shutter member and the substrate table are spaced apart by
a gap; a fluid handling structure configured to supply and
confine liquid between a projection system and (i) the sub-
strate, or (i1) the substrate table, or (iii) a surface of the shutter
member, or (iv) any combination selected from (i)-(iii); and a
fluid extraction system configured to remove liquid from the
gap through an extraction opening in a side wall surface of the
shutter member and/or of the substrate table.

According to an embodiment of the invention, there is
provided an immersion lithographic apparatus comprising a
substrate table configured to support a substrate; a fluid han-
dling structure configured to supply and confine liquid
between a projection system configured to direct a patterned
beam of radiation at a target portion of the substrate, and the
substrate, or the substrate table, or both; and a fluid extraction
system configured to remove liquid from a gap between the
substrate and the substrate table, and comprising a plurality of
extraction openings to extract liquid, the openings being
defined in a surface of the gap.

According to an embodiment of the invention, there is
provided an immersion lithographic apparatus comprising a
substrate table configured to support a substrate; a fluid han-
dling structure configured to supply and confine liquid
between a projection system configured to direct a patterned
beam of radiation at a target portion on the substrate, and an
underlying substantially planar surface, the underlying sur-
face comprising two parts having a gap defined therebetween;
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and a fluid extraction system constructed and arranged to
remove liquid from the gap, and comprising a plurality of
openings arranged in a pattern.

According to an embodiment of the invention, there is
provided a lithographic apparatus comprising: a projection
system; a first object; a second object; and a controller con-
figured to control movement of the first and second objects in
the apparatus such that when the first object replaces the
second object under the projection system both objects
always move in substantially the same direction and when the
second object replaces the first object under the projection
system both objects always move in substantially the same
direction.

According to an embodiment of the invention, there is
provided a device manufacturing method comprising using a
fluid handling structure to supply and confine liquid between
a projection system configured to direct a patterned beam of
radiation at a target portion of a substrate, and an underlying
substantially planar surface, the underlying surface compris-
ing two parts having a gap defined therebetween, and remov-
ing liquid from the gap using a fluid extraction system com-
prising a plurality of openings arranged in a pattern.

According to an embodiment of the invention, there is
provided a device manufacturing method comprising using a
fluid handling structure to supply and confine liquid between
a projection system configured to direct a patterned beam of
radiation at a target portion of a substrate, and an underlying
substantially planar surface, the underlying surface compris-
ing two parts having a gap defined therebetween, and moving
the gap under the fluid handling structure a plurality of times,
the moving only being in a first direction.

In an embodiment of the invention, the fluid extraction
system used with a retractable bridge may solve the problem
of'leakage during substrate swap. The fluid extraction system
may prevent the entrapment of bubbles in the immersion
liquid confined by the fluid handling structure during sub-
strate swap.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIGS. 2 and 3 depict a fluid handling structure as a liquid
supply system for use in a lithographic projection apparatus;

FIG. 4 depicts a further liquid supply system for use in a
lithographic projection apparatus;

FIG. 5 depicts, in cross-section, a barrier member which
may be used in an embodiment of the present invention as a
liquid supply system;

FIG. 6 depicts, in cross-section, a barrier member which
may be used with an embodiment of the invention;

FIG. 7 depicts, in cross-section, a form of shutter member
which is the surface of a substrate table;

FIG. 8 depicts, in cross-section, a shutter member in the
form of a closing disk;

FIG. 9 depicts, in cross-section, a shutter member in the
form of a closing disk during substrate and/or substrate table
swap;

FIG. 10 depicts, in plan view, an embodiment of a shutter
member in the form of a retractable bridge;

FIG. 11 depicts, in plan view, an embodiment of a shutter
member in the form of a retractable bridge;
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FIGS. 12a and 125 illustrate, in plan view and in cross-
section, a fluid extraction system according to an embodiment
of the invention;

FIGS. 13a and 135 illustrates, schematically, a coating
around fluid extraction openings in an embodiment of the
invention;

FIGS. 144 and 145 each illustrate, in cross-section, a fluid
extraction system according to an embodiment of the inven-
tion;

FIG. 15 illustrates, in cross-section, a fluid extraction sys-
tem according to an aspect of an embodiment of the invention
and implemented at the edge of a substrate;

FIG. 16 illustrates, in cross-section, fluid extraction sys-
tems in adjacent substrate tables;

FIG. 17 illustrates, schematically, the behavior of liquid in
an extraction channel;

FIGS. 18a and 185 illustrates, in plan, an embodiment in
which substrate swap is effected by movement of a shutter
member under the projection system in one direction only;
and

FIGS. 194 and 195 illustrate the behavior of a meniscus on
crossing a sharp edge and a curved edge.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
comprises:

an illumination system (illuminator) IL. configured to con-
dition a radiation beam B (e.g. UV radiation or DUV
radiation);

a support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and con-
nected to a first positioner PM configured to accurately
position the patterning device inaccordance with certain
parameters;

asubstrate table (e.g. a wafer table) WT constructed to hold
a substrate (e.g. a resist-coated wafer) W and connected
to a second positioner PW configured to accurately posi-
tion the substrate in accordance with certain parameters;
and

a projection system (e.g. a refractive projection lens sys-
tem) PS configured to project a pattern imparted to the
radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the
substrate W.

The illumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The support structure MT holds the patterning device. The
support structure MT holds the patterning device in a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device is
held in a vacuum environment. The support structure MT can
use mechanical, vacuum, electrostatic or other clamping
techniques to hold the patterning device. The support struc-
ture MT may be a frame or a table, for example, which may be
fixed or movable as desired. The support structure MT may
ensure that the patterning device is at a desired position, for
example with respect to the projection system. Any use of the
terms “reticle” or “mask” herein may be considered synony-
mous with the more general term “patterning device.”

The term “patterning device” used herein should be
broadly interpreted as referring to any device that can be used
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to impart a radiation beam with a pattern in its cross-section
such as to create a pattern in a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example if the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being
created in the target portion, such as an integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterning devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-shift, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam which
is reflected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system. The types of projection system may include: refrac-
tive, reflective, catadioptric, magnetic, electromagnetic and
electrostatic optical systems, or any combination thereof. The
selection or combination of the projection system is as appro-
priate for the exposure radiation being used, or for other
factors such as the use of an immersion liquid or the use of a
vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “pro-
jection system”.

As here depicted, the apparatus is of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
patterning device tables). In such “multiple stage” machines
the additional tables may be used in parallel, or preparatory
steps may be carried out on one or more tables while one or
more other tables are being used for exposure.

Referring to FIG. 1, the illuminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities, for example when
the source is an excimer laser. In such cases, the source is not
considered to form part of the lithographic apparatus and the
radiation beam is passed from the source SO to the illumina-
tor IL. with the aid of a beam delivery system BD comprising,
for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a
mercury lamp. The source SO and the illuminator IL, together
with the beam delivery system BD if required, may be
referred to as a radiation system.

The illuminator II. may comprise an adjuster AM for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively)
of'the intensity distribution in a pupil plane of the illuminator
can be adjusted. In addition, the illuminator I[. may comprise
various other components, such as an integrator IN and a
condenser CO. The illuminator may be used to condition the
radiation beam, to have a desired uniformity and intensity
distribution in its cross-section.

The radiation beam B is incident on the patterning device
(e.g., mask) MA, which is held on the support structure (e.g.,
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mask table) MT, and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation
beam B passes through the projection system PS. The projec-
tion system focuses the beam onto a target portion C of the
substrate W. With the aid of the second positioner PW and
position sensor IF (e.g. an interferometric device, linear
encoder or capacitive sensor), the substrate table WT can be
moved accurately, e.g. so as to position different target por-
tions C in the path of the radiation beam B. Similarly, the first
positioner PM and another position sensor (which is not
explicitly depicted in FIG. 1) can be used to accurately posi-
tion the patterning device MA with respect to the path of the
radiation beam B, e.g. after mechanical retrieval from a mask
library, or during a scan. In general, movement of the support
structure MT may be realized with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine
positioning), which form part of the first positioner PM. Simi-
larly, movement of the substrate table WT may be realized
using a long-stroke module and a short-stroke module, which
form part of the second positioner PW. In the case of a stepper
(as opposed to a scanner) the support structure MT may be
connected to a short-stroke actuator only, or may be fixed.
Patterning device MA and substrate W may be aligned using
patterning device alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment
marks as illustrated occupy dedicated target portions, they
may be located in spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, in situa-
tions in which more than one die is provided on the patterning
device MA, the patterning device alignment marks may be
located between the dies.

The depicted apparatus could be used in at least one of the
following modes:

In step mode, the support structure MT and the substrate
table WT are kept essentially stationary, while an entire pat-
tern imparted to the radiation beam is projected onto a target
portion C at one time (i.e. a single static exposure). The
substrate table WT is then shifted in the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
of the target portion C imaged in a single static exposure.

In scan mode, the support structure MT and the substrate
table WT are scanned synchronously while a pattern imparted
to the radiation beam is projected onto a target portion C (i.e.
a single dynamic exposure). The velocity and direction of the
substrate table WT relative to the support structure MT may
be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the
maximum size of the exposure field limits the width (in the
non-scanning direction) of the target portion in a single
dynamic exposure, whereas the length of the scanning motion
determines the height (in the scanning direction) of the target
portion.

In another mode, the support structure MT is kept essen-
tially stationary holding a programmable patterning device,
and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a
target portion C. In this mode, generally a pulsed radiation
source is employed and the programmable patterning device
is updated as desired after each movement of the substrate
table WT or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to mask-
less lithography that utilizes programmable patterning
device, such as a programmable mirror array of a type as
referred to above.
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Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

An arrangement for providing liquid between a final ele-
ment of the projection system PS and the substrate is the so
called localized immersion system IH. In this system a liquid
handling system is used in which liquid is only provided to a
localized area of the substrate. The space filled by liquid is
smaller in plan than the top surface of the substrate and the
area filled with liquid remains substantially stationary relative
to the projection system PS while the substrate W moves
underneath that area. Four different types of localized liquid
supply systems are illustrated in FIGS. 2-5. The liquid supply
systems disclosed in FIGS. 2-4 were described above.

Another arrangement which has been proposed is to pro-
vide the liquid supply system with a liquid confinement mem-
ber which extends along at least a part of a boundary of the
space between the final element of the projection system and
the substrate table. Such an arrangement is illustrated in FI1G.
5.

FIG. 5 schematically depicts a localized liquid supply sys-
tem with a barrier member 12. The barrier member extends
along at least a part of a boundary of the space between the
final element of the projection system and the substrate table
WT or substrate W. (Please note that reference in the follow-
ing text to surface of the substrate W also refers in addition or
in the alternative to a surface of the substrate table, unless
expressly stated otherwise.) The barrier member 12 is sub-
stantially stationary relative to the projection system in the
XY plane though there may be some relative movement in the
Z direction (in the direction of the optical axis). In an embodi-
ment, a seal is formed between the barrier member and the
surface of the substrate W and may be a contactless seal such
as a fluid seal, desirably a gas seal.

The barrier member 12 at least partly contains liquid in the
space 11 between a final element of the projection system PS
and the substrate W. A contactless seal 16 to the substrate W
may be formed around the image field of the projection sys-
tem so that liquid is confined within the space between the
substrate W surface and the final element of the projection
system PS. The space is at least partly formed by the barrier
member 12 positioned below and surrounding the final ele-
ment of the projection system PS. Liquid is brought into the
space below the projection system and within the barrier
member 12 by liquid inlet 13. The liquid may be removed by
liquid outlet 13. The barrier member 12 may extend a little
above the final element of the projection system. The liquid
level rises above the final element so that a buffer of liquid is
provided. In an embodiment, the barrier member 12 has an
inner periphery that at the upper end closely conforms to the
shape ofthe projection system or the final element thereofand
may, e.g., be round. At the bottom, the inner periphery closely
conforms to the shape of the image field, e.g., rectangular,
though this need not be the case.

In an embodiment, the liquid is contained in the space 11
by a gas seal 16 which, during use, is formed between the
bottom of the barrier member 12 and the surface of the sub-
strate W. The gas seal is formed by gas, e.g. air or synthetic air
but, in an embodiment, N, or another inert gas. The gas in the
gas seal is provided under pressure via inlet 15 to the gap
between barrier member 12 and substrate W. The gas is
extracted via outlet 14. The overpressure on the gas inlet 15,
vacuum level on the outlet 14 and geometry of the gap are
arranged so that there is a high-velocity gas flow 16 inwardly
that confines the liquid. The force of the gas on the liquid
between the barrier member 12 and the substrate W contains
the liquid in a space 11. The inlets/outlets may be annular
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grooves which surround the space 11. The annular grooves
may be continuous or discontinuous. The flow of gas 16 is
effective to contain the liquid in the space 11. Such a system
is disclosed in United States patent application publication
no. US 2004-0207824.

Other arrangements are possible and, as will be clear from
the description below, an embodiment of the present inven-
tion may use any type of localized liquid supply system as the
liquid supply system.

One or more localized liquid supply systems seal between
a part of the liquid supply system and a substrate W. The seal
may be defined by a meniscus ofliquid between the part of the
liquid supply system and the substrate W. Relative movement
between that part of the liquid supply system and the substrate
W may lead to breakdown of the seal, for example the menis-
cus, and thereby leaking of liquid. The problem may be more
significant at high scan velocities. An increased scan velocity
is desirable because throughput increases.

FIG. 6 illustrates a barrier member 12 which is part of a
liquid supply system. The barrier member 12 extends around
the periphery (e.g., circumference) of the final element of the
projection system PS such that the barrier member (which is
sometimes called a seal member) is, for example, substan-
tially annular in overall shape. The projection system PS may
not be circular and the outer edge of the barrier member 12
may also not be circular so that it is not necessary for the
barrier member to be ring shaped. The barrier could also be
other shapes so long as it has an opening through which the
projection beam may pass out from the final element of the
projection system PS. The opening may be centrally located.
Thus, during exposure, the projection beam may pass through
liquid contained in the opening of the barrier member and
onto the substrate W. The barrier member 12 may be, for
example, substantially rectangular and may not be necessar-
ily the same shape as the final element of the projection
system PS is at the height of the barrier member 12.

The function of the barrier member 12 is at least partly to
maintain or confine liquid in the space between the projection
system PS and the substrate W so that the projection beam
may pass through the liquid. The top level of liquid is simply
contained by the presence of the barrier member 12. The level
of liquid in the space is maintained such that the liquid does
not overflow over the top of the barrier member 12.

The immersion liquid is provided to the space 11 by the
barrier member 12 (thus the barrier member may be consid-
ered to be a fluid handling structure). A passageway or flow
path for immersion liquid passes through the barrier member
12. Part of the flow path is comprised by a chamber 26. The
chamber 26 has two side walls 28, 22. Liquid passes from
chamber 24 through the first side wall 28 into chamber 26 and
then through the second side wall 22 into the space 11. A
plurality of outlets 20 provides the liquid to the space 11. The
liquid passes through through holes 29, 20 in side walls 28, 22
respectively prior to entering the space 11. The location of the
through holes 20, 29 may be irregular.

A seal is provided between the bottom of the barrier mem-
ber 12 and the substrate W (This feature indicates that the
barrier member may be a fluid handling structure). In FIG. 6
a seal device is configured to provide a contactless seal and is
made up of several components. Radially outwardly from the
optical axis of the projection system PS, there is provided a
(optional) flow plate 50 which extends into the space (though
not into the path of the projection beam) which helps maintain
substantially parallel flow of the immersion liquid out of
outlet 20 across the space. The flow control plate has through
holes 55 in it to reduce the resistance to movement in the
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direction of the optical axis of the barrier member 12 relative
to the projection system PS and/or substrate W.

Radially outwardly of the flow control plate 50 on the
bottom surface of the barrier member 12 may be an inlet 180.
The inlet 180 can provide liquid in a direction towards the
substrate. During imaging this may be useful in preventing
bubble formation in the immersion liquid by filling a gap
between the substrate W and substrate table WT with liquid.

Radially outwardly of the inlet 180 may be an extractor
assembly 70 to extract liquid from between the barrier mem-
ber 12 and the substrate W and/or the substrate table WT. The
extractor 70 will be described in more detail below and forms
part of the contactless seal which is created between the
barrier member 12 and the substrate W. The extractor may
operate as a single phase or as a dual phase extractor.

Radially outwardly of the extractor assembly 70 may be a
recess 80. The recess is connected through an inlet 82 to the
atmosphere. The recess is connected via an outlet 84 to a low
pressure source. The inlet 82 may radially outwardly posi-
tioned with respect to the outlet 84. Radially outwardly of the
recess 80 may be a gas knife 90. An arrangement of the
extractor, recess and gas knife is disclosed in detail in United
States patent application publication no. US 2006/0158627.
However, in that document the arrangement of the extractor
assembly is different.

The extractor assembly 70 comprises a liquid removal
device or extractor or inlet such as the one disclosed in United
States patent application publication no. US 2006-0038968,
incorporated herein its entirety by reference. Any type of
liquid extractor may be used. In an embodiment, the liquid
removal device 70 comprises an inlet which is covered in a
porous material 110 which is used to separate liquid from gas
to enable single-liquid phase liquid extraction. A chamber
120 downstream of the porous material 110 is maintained at a
slight under pressure and is filled with liquid. The under
pressure in the chamber 120 is such that the meniscuses
formed in the holes of the porous material prevent ambient
gas from being drawn into the chamber 120 of the liquid
removal device 70. However, when the porous surface 110
comes into contact with liquid there is no meniscus to restrict
flow and the liquid can flow freely into the chamber 120 ofthe
liquid removal device 100. The porous surface 110 extends
radially inwardly along the barrier member 12 (as well as
around the space). The rate of extraction through the porous
surface 110 varies according to how much of the porous
material 110 is covered by liquid.

The porous material 110 has a large number of small holes
each with a dimension, e.g. a width, such as a diameter, d,,;,
in the range of 5 to 50 um. The porous material may be
maintained at a height in the range of 50 to 300 pm above a
surface from which liquid is to be removed, e.g. the surface of
a substrate W. In an embodiment, porous material 110 is at
least slightly hydrophilic, i.e. having a contact angle of less
than 90°, desirably less than 85° or desirably less than 80°, to
the immersion liquid, e.g. water.

It may not always be possible to prevent gas being drawn
into the liquid removal device but the porous material 110 will
prevent large uneven flows that may cause vibration. Micro-
sieves made by electroforming, photoetching and/or laser
cutting can be used as the porous material 110. Suitable sieves
are made by Stork Veco B.V., of Eerbeek, the Netherlands.
Other porous plates or solid blocks of porous material may
also be used, provided the pore size is suitable to maintain a
meniscus with the pressure differential that will be experi-
enced in use.

During scanning of the substrate W (during which the
substrate moves under the barrier member 12 and projection
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system PS) the meniscus 115 extending between the substrate
W and the barrier member 12 may be drawn either towards or
away from the optical axis by a drag force applied by the
moving substrate. This can lead to liquid loss which may
result in: evaporation of the liquid, cooling of the substrate,
and consequent shrinkage and overlay errors as described
above. Liquid stains may also or alternatively be left behind
from interaction between the liquid droplets and resist pho-
tochemistry.

Although not specifically illustrated in FIG. 6, the liquid
supply system has an arrangement to deal with variations in
the level of the liquid. This is so that liquid which builds up
between the projection system PS and the barrier member 12
can be dealt with and does not spill. Such a build-up of liquid
might occur during relative movement of the barrier member
12 to a projection system PS described below. One way of
dealing with this liquid is to provide the barrier member 12 so
that it is very large so that there is hardly any pressure gradient
over the periphery (e.g., circumference) of the barrier mem-
ber 12 during movement of the barrier member 12 relative to
the projection system PS. In an alternative or additional
arrangement, liquid may be removed from the top of the
barrier member 12 using, for example, an extractor such as a
single phase extractor similar to the extractor 70. An alterna-
tive or additional feature is a liquidphobic or hydrophobic
coating. The coating may form a band around the top of the
barrier member 12 surrounding the opening and/or around the
last optical element of the projection system PS. The coating
may be radially outward of the optical axis of the projection
system. The liquidphobic or hydrophobic coating helps keep
the immersion liquid in the space.

In, for example, an apparatus in which a first substrate table
WT1 and a second substrate table WT2 (or first and second
stages) are provided in which each one carries a substrate W,
there exists a difficulty during swap of one substrate table
from underneath the projection system PS for another sub-
strate table underneath the projection system PS. This is
because if the liquid from the liquid handling or supply sys-
tem IH is removed prior to swapping the tables WT1, WT2
then a drying stain may appear on the final element of the
projection system PS.

A possible solution to this problem which has been pro-
posed is to provide a shutter member 200 or so called closing
disk, such as a dummy substrate. The shutter member 200 can
be positioned on the top surface of a substrate table as illus-
trated in FIG. 8. After scanning of the substrate W, the sub-
strate table WT1 can be moved so that the shutter member 200
is positioned under the projection system PS. As illustrated in
FIG. 9, the shutter member is positionable under the projec-
tion system PS during swapping of substrate tables. The shut-
ter member 200 is attached to the bottom of the fluid handling
or liquid confinement structure IH. In this way the fluid han-
dling or liquid supply system can be kept full of liquid (e.g.
on) during swap of substrates and no drying stains can form.
Such a closing disk, e.g., a dummy substrate, is described, for
example, in European patent application publication no.
EP-1,420,299.

In another form of shutter member, the second substrate
table WT2 is brought close to the first substrate table WT1.
The two substrate tables are moved simultaneously under the
projection system. If the gap between the two substrate tables
is small (or at least has a drain underneath it) liquid loss
should be minimal. In some instances (for example as illus-
trated in FIGS. 10 and 11) one or both substrate tables WT1,
WT2 has its top surface extended by a protrusion 300 which
may be rotatable or retractable, as in the form of a drawbridge.
The protrusion may be fixed relative to the substrate table WT.
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Such an arrangement is disclosed in United States patent
application publication no. US 2007-0216881. In a variation
of this form of shutter member, the second table is not a
second substrate table WT2, but its surface functions as a
shutter member during substrate swap. Such a table may used
for measuring and may be called a measuring table. The first
or second substrate table is moved back under the projection
system when a substrate is available, for example, for expo-
sure. As will be appreciated, the shutter member may in
addition or alternatively be used in a single substrate table
apparatus in order to keep the projection system PS in contact
with liquid during, for example, substrate swap on the sub-
strate table.

A fluid extraction system 400 will now be described which,
in one embodiment, is configured to remove liquid from a gap
401 next to a component of a retractable bridge 300. The fluid
extraction system is also known as “swap bridge bubble
extraction seal” (SWBBES). The system enables the leakage
of immersion liquid between the substrate table WT and
bridge 300 to below the bridge 300 and/or the substrate table
WT to be reduced, desirably minimized or even substantially
prevented. The fluid extraction system may reduce or even
prevent the entrapment of bubbles by the immersion liquid in
the reservoir of liquid confined by the liquid confinement
structure.

The fluid extraction system 400 is located, as shown in
FIGS. 12a and 125 (together FIG. 12), on the side of the
substrate table WT. The fluid extraction system may be pro-
vided in a bridge head 250 positioned between the substrate
table WT and a retractable bridge body 301. The bridge head
250 is the edge of the substrate table which passes under the
fluid handling system IH just prior to the retractable bridge
body 301 passing under the fluid handling system IH. In an
embodiment, the fluid extraction system 400 may be located
in the retractable bridge 300.

The fluid extraction system 400 comprises a surface 405
with one or more discrete extraction openings 410, each for an
extraction channel 420. The extraction openings 410 may be
spaced equidistantly from one another, or not. It may be
desirable to have non-equidistant spacing to account for dif-
ferent loads at different locations. In one embodiment, there
may be a greater density of extraction openings 410 under the
footprint of the fluid handling system (as opposed to outside
the footprint). In another embodiment there may be a greater
density of extraction openings 410 in positions corresponding
to the outer width dimension (e.g., outer diameter) ofthe fluid
handling system as the fluid extraction system 400 passes
under it. The surface 405 with the discrete extraction open-
ings 410 is provided along a length of the fluid extraction
system 400. In an embodiment, the surface 405 is a vertical
surface (i.e. a surface which is substantially perpendicular to
the top surface of the substrate table WT). In another embodi-
ment, surface 405 may be at an angle to the top surface of the
substrate table WT, as described below with reference to
FIGS. 14a and 145b. One embodiment may have the surface
405 at different angles at different locations. The surface 405
faces an edge surface 402 of the retractable bridge body 301
and a gap 401 is formed between those two surfaces 402, 405.
The extraction openings 410 are thereby formed in a sidewall
surface 405 of the substrate table WT. The extraction open-
ings 410 could equally well be formed in a side wall surface
402 of the retractable bridge body 301. The positioning of
extraction openings 410 in a sidewall surface 402, 405 (as
opposed to a surface which is parallel to the top surface of the
substrate table WT) is that less space is used. Furthermore, the
volume of the gap 401 can be minimized for a given width
(e.g., diameter) of opening 410. In one embodiment, the gap
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401 desirably has a certain depth (for example distance
between the top surface and a ledge 403 (described below)) to
avoid interactions of the bottom of the gap 401 with fluid
(particularly gas) from the fluid handling device. If the open-
ings 410 were in the bottom of the gap 401, the gap will need
to have a certain width so that the openings 410 could have a
certain width (e.g., diameter). The width ofthe gap 401 can be
made less if the openings 410 are in a side wall. As aresult, the
volume of the gap 401 is kept small so that it can quickly be
cleared of liquid, thereby reducing the chance of liquid find-
ing its way beyond the openings 410 (for example entering
slit 350 described below). In another embodiment the depth
of the gap 401 is as small as possible (as small as can be
machined) thereby to reduce as far as possible the amount of
liquid in the gap 401. The sidewall surface 402, 405 need not
be perpendicular to the top surface of the substrate table W,
as described below. The sidewall surface 405 of the substrate
table WT may be at an angle to the top surface of the substrate
table such that the surface 405 undercuts the substrate table
WT. A suitable range of angles is 90° to 0°, desirably 90° to
30° or 90° to 50°. The length of the fluid extraction system
400 may substantially correspond to the width of the retract-
able bridge body 301.

A ledge 403 is formed below the extraction openings 410.
In an embodiment, the ledge 403 comprises a horizontal
surface which may be substantially parallel to the top surface
of the substrate table WT. An angle between the surface 405
in which the openings 410 are formed and the ledge 403 is
approximately 90°. As described below, the angle may be less
than 90°. The ledge 403 can catch liquid which falls into the
gap 401 and that liquid can then be extracted through open-
ings 410. In an embodiment, the ledge 403 is angled relative
to the top surface of the substrate table WT. Desirably, the
ledge 403 may be angled downwards towards the openings
410. The angle of the ledge 403 away from the parallel to the
top surface of the substrate table is less than 45 degrees or less
than 30 degrees, desirably less than 10 degrees or even less
than 5 degrees and greater than 0 degrees. In one embodi-
ment, the angle may be as high as 90°. In that case, the ledge
can be seen as a protrusion forming a ledge.

The extraction channels 420 and their respective openings
410 are configured and located to extract immersion liquid
present in the gap 401 between two interfaces, for example
between the bridge head 250 and the retractable bridge body
301, or between the substrate table WT and the retractable
bridge body 301. The use of extraction channels 420 with a
plurality of openings 410 may be less sensitive to contami-
nation than a single extraction channel having a slit-shaped
opening. The arrangement of the fluid extraction system 400
is designed to be robust.

In use the extraction channels 420 apply a known capillary
pressure to extract the liquid. While operating, the extraction
channels 420 extract a two phase fluid, comprising gas and
immersion liquid. That is, as a whole, gas and immersion
liquid are extracted through the fluid extraction system 400,
though single phase gas or single phase liquid may be
extracted through one or more extraction channels 420 at any
one time. The extraction channels 420 have tuned (i.e.
selected) dimensions, for example diameter and length. The
dimensions are selected so that the capacity for two-phase
flow over substantially the whole width of the retractable
bridge body is the same, i.e. uniform.

The extraction channels 420 width (e.g., diameter) “d” is
selected to optimize the spacing between the openings 410 of
the extraction channels 420. As large a diameter as possible is
desirableto avoid clogging by contamination. However, if the
width is too large, the homogeneity of the extraction can
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decrease. If the width is too large, the size of the collector
channel 430 (as described in more detail below) may need to
be increased. In an embodiment, d is desirably between 0.1
and 1.5 mm, more desirably between 0.3 and 1.0 mm, desir-
ably equal to or greater than about 0.3 mm. Thus, the risk of
cluttering the channels may be minimized. The spacing 211
between adjacent extraction channels 420 is chosen, so
immersion liquid is removed, desirably substantially com-
pletely, from the gap between the two interfaces. The spacing
211 may be dimensioned to be in the range of 0.1 to 2 mm,
desirably 0.5to 1.5 mm, or 1.2 mm or less than about 1.0 mm.

The extraction channels 420 direct the extracted fluid to a
collector channel 430. The collector channel 430 is common
to at least two extraction channels 420, desirably common to
all extraction channels 420 of the fluid extraction system 400.
The collector channel 430 is in the substrate table WT, par-
ticularly the bridge head 250. The homogeneous extraction,
i.e. a pressure, over the whole length of the fluid extraction
system, e.g. the width of the retractable bridge body, may be
created by selecting the volume of the collector channel 430
to be large relative to the volume of the extraction channels
420. Mathematical relationships are provided towards the end
of'this description.

The relationship between the volume of the extraction
channels 420 and the collector channel 430 may affect the
speed of the gas flow through the extraction channels 420.
The gas speed in the extraction channel 420 may be three
times or more than the gas speed in the collector channel 430.
In a manifold the pressure drop over the extraction channels
420 (i.e. the difference in absolute pressure in the gap 401
between the bridge head 250 and the retractable bridge body
301 and the pressure in the collector channel 430) should be
dominant with respect to the pressure in the collector channel
430. In such an arrangement, the pressure in the collector
channel 430 is more uniform. To achieve the relationship
between the pressure drop over the extraction channels 420
and the pressure in the collector channel 430, the cross-
sectional area of the collector channel 430 perpendicular to
the fluid flow may be at least twice the total cross sectional
area of the extraction channels 420.

The pressure drop over the extraction channels 420 may be
determined by a dynamic pressure, i.e. the entrance and exit
resistance. The length of the extraction channel 420 and vis-
cosity of the fluid are proportional to the pressure drop.
Because of the short length of the extraction channels 420,
this parameter is not as important as the cross-sectional area
of the extraction channels 420. The width d of the extraction
channels 420 is strongly correlated with the cross section of
the collector channel 430, for example because the pressure
drop is inversely proportional to the square of the width d. The
gas speed criteria may be important, for example because the
pressure drop may be proportionate to the square of the gas
speed. For example an increase in gas speed by a factor of
three means there is a change by about factor of ten (specifi-
cally nine) in pressure. Note that the pressure in the collector
channel 430 should be lower than the capillary pressure of
liquid in the holes. (See formula at the end).

In an embodiment of the fluid extraction system, there may
be limitation on the volume occupied by the system. The
volume available may appear to be smaller than desired to
achieve optimum working conditions. However, by angling
(0°<a<90°), or skewing, the extraction channels relative to
the surface 405 in which the extraction openings 410 are
present, the volume of the collector channel 430 relative to the
extraction channels 420 may be increased. So, for example in
such an embodiment compared to the embodiment in which
the extraction channels 420 are perpendicular (¢=90°) to the
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inlet surface 405, for the same total volume of fluid extraction
system 400 the following is true: (i) the volume of the collec-
tor channel 430 may be larger; and (ii) the length of the
extraction channels 420 may be the same.

A larger collector channel 430 volume is desirable because
the homogeneity of the extraction flow is improved. The
angled extraction channels 420 may have an advantage over
extraction channels 420 having a larger cross-sectional area
(i.e. extraction openings 410 open to the gap) which are
non-angled (i.e. perpendicular, a=90°) of substantially the
same dimensions. The pressure from each extraction channel
opening 410 is thus applied over an increased effective area.
So the area over which the under pressure from all the extrac-
tion channels 420 is applied is increased relative to extraction
channels 420 perpendicular to the surface 405 of the fluid
extraction system 400 in which the extraction openings 410
are defined. By angling each extraction channel 420, the
effective length of the extraction channels 420 may also be
increased. As the length of an extraction channel 420 has a
linear relationship to the pressure drop applied over the
extraction channel 420, an increase in length gives a larger
pressure drop. By increasing the length, the uniformity of the
applied pressure and the immersion liquid extraction flow
may be improved. However, as mentioned elsewhere changes
in the width provide a larger change in pressure drop.

The capillary pressure used by the extraction channels 420
may be dependent on the contact angle of immersion liquid to
surfaces (surface 405 and surface of ledge 403) surrounding
the extraction opening 410 of each extraction channel 420.
Having the different surfaces of the fluid extraction system
400 with which immersion liquid contacts have different
contact angles enables liquid to be controlled, such as in
respect to its position. For example, the contact angle pattern-
ing may cause the immersion liquid to be confined in, i.e.
‘stick to’, certain surfaces of the fluid extraction system 400.
By having such surfaces around the extraction openings 410,
the extraction channel openings 410 may be spaced further
apart, for example in the range of zero to five mm, or less than
5 mm.

The geometry shown in FIG. 12 is a possible embodiment
of a fluid extraction system fitted between a bridge head 250
and a retractable bridge body 301. It indicates certain dimen-
sions and a possible contact angle patterning.

The extraction flow of the immersion liquid is determined
by: the distance between the bridge head 250 and the retract-
able bridge body 301 (e.g. the gap 401 width 210), the dis-
tance from the top surface of the substrate table WT to the top
of the extraction openings 410 (the extraction channel dis-
placement of surface 205) and geometry of the edges 207, 208
atthe top surface ofthe bridge head 250 and retractable bridge
body 301 at the gap 401. In an embodiment, the gap 401 is a
space between the bridge head 250 and the retractable bridge
body 301 which separates the two interfaces completely.
Such a gap is a continuous gap as shown in FIG. 12. As canbe
seen from FIG. 125, the width of the gap 401 is uniform.
Above the ledge 403 the gap 401 has a certain dimension.
Below the ledge 403, there is a slit 350 between the bridge
head 250 and the retractable bridge body 301. The slit 350
below the ledge 403 is open to the atmosphere. That is, the gap
401 is open to a gas source under the extraction openings 410.
As will be described below, this allows gas to be drawn
through the slit 350 below the ledge 403, in use. In another
embodiment, the slit 350 beneath the ledge 403 may be
sealed. In the case that a slit 350 is present, there is a gas flow
out of the slit 350 into the gap 401. This gas flow helps the
extraction of the immersion liquid. The flow through the slit
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350 may provide an upward force that loosens liquid which
may be secured, or pinned on the outer edge of the ledge 403.

In FIG. 12, the outer edge of the ledge 403 may be atthe top
of the slit 350 which is lower than the gap 401. The slit 350
may be narrower than the gap 401. The flow rate and direction
of'the flow through the slit 350 may be selected by optimally
dimensioning the length and the width of the slit 350 as well
as its angle 0 relative to the top surface of the retractable
bridge body 301. The flow rate and direction of flow through
the slit 350 may be selected by optimally dimensioning the
distance between the top surface of the substrate table WT
and the top of extraction openings 410 and/or how far the
ledge 403 protrudes from the surface 205 in which the extrac-
tion openings 410 are positioned. The angle 6 may be
between 10 and 30 degrees, for example 20 degrees. That is
the angular displacement between the longitudinal dimension
of'the extraction channel and the plane of surface in which an
extraction channel is defined is substantially 20 degrees. The
gas flow may prevent droplets of immersion liquid from
remaining, i.e. sticking, in the slit 350. In an embodiment, the
slit 350 is optional and is not essential to the operation of the
invention. It is present because the retractable bridge body
301 is configured to avoid direct contact with the substrate
table WT.

In an embodiment, all surfaces of the gap 401 and/or slit
350 are coated with a lyophobic, desirably a hydrophobic,
coating (i.e. a surface which is hydrophobic to immersion
liquid such as water). In an embodiment, the surface of the
ledge 403 and the surface 205 in which the extraction open-
ings are formed that are used to hold or confine the liquid in
the region around the extraction channel openings 410 are
liquidphilic desirably hydrophilic (i.e. are liquidphilic to the
immersion liquid). Here a liquidphilic surface has a contact
angle less than 90 degrees, practically 50 degrees or more
and, desirably more than 60 degrees and/or less than 70
degrees. The surfaces adjacent to the liquidphilic surfaces
403, 205, i.e. away from the openings are lyophobic. Such
surfaces include the surfaces of the slit 350, the top surface of
each of the bridge head 250 and the retractable bridge body
301 and the other surfaces of the gap 401. The liquidphilic
surfaces may help the extraction of smaller volume droplets.
A droplet bearing surface which is liquidphilic has a larger
surface area of contact with which a droplet of a certain size
(i.e. volume) than a less liquidphilic or a liquidphobic surface,
as shown in FIGS. 13a and 135. Note that FIG. 13a shows a
surface in which are formed openings 410. The surface 205 is
liquidphobic and bears a droplet of liquid. FIG. 135 shows the
same arrangement as FIG. 13a, except the surface 205 is less
liquidphobic than that in FIG. 135 (e.g., liquidphilic). The
arrangement in FIG. 135 may achieve better removal of liquid
through its openings 410 than the arrangement in FIG. 13a
through its openings 410. In an embodiment of the arrange-
ment shown in FIG. 13a, a droplet on the surface 205 is not
extracted, but a similar droplet on the surface 205 of the
arrangement shown in FIG. 135 is extracted through its open-
ings 410.

The bridge head 250 may be replaceably attached to the
substrate table WT. This allows easy maintenance, particu-
larly for cleaning and/or renewing any coatings.

An embodiment of the present invention may prevent the
formation of bubbles in the immersion liquid within the fluid
handling system or liquid confinement structure IH. As the
gap crosses under the fluid handling system or liquid confine-
ment structure TH, the under pressure generated by the fluid
extraction system 400 pulls the meniscus of the immersion
liquid within the fluid handling system or liquid confinement
structure IH towards the gap 401. The meniscus is pinned to
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the outer edge 207 of the bridge head 250 and the inner edge
208 of the retractable bridge body 301 (with respect to the gap
401) of the gap 401 as the gap 401 crosses under the meniscus.
The meniscus is thus stretched as the gap 401 crosses the
meniscus. The pulling by the under pressure thereby reduces
the stretching of the meniscus. Entrapment of gas by the
liquid layer under the fluid handling system or liquid extrac-
tion system may therefore be reduced.

The shape of the outer edge 207 of the bridge head 250 and
the inner edge 208 of the retractable bridge body 301 (with
respect to the gap 401) of the gap 401 influences the pinning
of the meniscus. An edge with at least a certain radius of
curvature will reduce the pinning. This is described herein
with reference to FIGS. 194 and 195. An edge with a radius of
curvature may reduce the stretching of the meniscus. As the
gap crosses the fluid handling system or liquid confinement
structure IH, the meniscus will encounter the edges in suc-
cession. As a rounded edge reduces pinning, it is desirable
that the first edge encountered by the meniscus is rounded.
The second edge may be sharper, with a small radius of
curvature, to enable the meniscus to be pinned. This arrange-
ment may reduce the stretching of the meniscus, by enabling
the meniscus to close the gap quickly as, for example, the top
surface of the retractable bridge body 301 moves under the
fluid handling system or liquid confinement structure. As
mentioned above, in an embodiment the gap 401 may be
between the retractable bridge body 301 and the bridge head
250. In an embodiment the gap 401 may be between the
substrate table WT and a temporary extension between sub-
strate tables, such as the retractable bridge 300.

An embodiment in which the fluid extraction system 400
only ever passes beneath the projection system in one direc-
tion is described below with reference to FIGS. 18a and 185.
This is desirable because the fluid extraction system 400 can
be optimized for travel in this direction and/or any coatings
will not wear out as fast (because of less traffic over them).

The arrangement may encourage the meniscus of the space
11 in the fluid handling system or liquid confinement struc-
ture IH to roll over the gap 401, without loss of immersion
liquid. This may be achieved by selecting the width of the gap
401 at the top and the advancing contact angle of the immer-
sion liquid relative to the surface (i.e. coating) on the under-
lying top surfaces. The underlying top surfaces may be the
substrate table WT and the retractable bridge body 301. The
selected contact angle may be indicative of a hydrophobic
surface and may be, for example, greater than about 95
degrees.

Described here are possible shapes, configurations, speci-
fications and limitations which may enable the fluid extrac-
tion system 400 to work in the gap 401. These configurations
are designed to reduce, if not substantially minimize, the heat
loss and cooling effect through operation of the fluid extrac-
tion system 400. The configurations may reduce the evapo-
ration of the liquid. The flow of fluid, including immersion
liquid, through the fluid extraction system 400, for example
the extraction channels 420, may be minimized. Desirably,
the flow should be less than about 100 /min, desirably less
than about 20 I/min. The range of desirable flow rates may
influence the width range of the top of the gap 401. Selection
of'a gap dimension may determine the achievable flow rate.
The flow rate is dependent on, for example, the number of
extraction channel openings 410 and dimensions of the fluid
extraction system 400.

The width of the top of the gap 401 is between about 0.0
mm to about 1.0 mm. The gap width is desirably in the range
of'about 0 mm to about 0.5 mm, desirably about 0.3 mm. To
help assure that there is no liquid leakage, the slit 350 has a
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width range of about 0 mm to about 0.5 mm, desirably about
0.1 mm. In one embodiment the slit 350 has the same width as
the gap 401, for example about 0.1 mm. In such an embodi-
ment according to FIG. 12, the dimension of the ledge 403
may be zero or substantially zero (i.e. the ledge 403 is not
there). The fluid flow through the extraction openings 410
may substantially the sum of the flow through the gap 401
defined between the bridge head 250 and the inner edge of the
retractable bridge body 301 and through the slit 350. In an
embodiment the flow rate through the slit 350 is substantially
three times lower than the flow through the upper end of the
gap 401.

In an embodiment, the ledge 403 is located under the
surface 205 in which the extraction openings 410 are formed.
That is, the surface 205 is angled so that the gap 401 gets
wider as one enters the gap 401 from the top surface of the
substrate table WT. That is, the surface 205 forms an angled
overhang. Where the gap 401 width at the top and the width of
the slit 350 are substantially the same, the size of the ledge
403 may be more than substantially zero.

Where surfaces 205 and 403 are hydrophilic, the extraction
channels 420 may extract substantially all the liquid which
enters the gap.

The outer edge 207 of the bridge head 250 and the inner
edge 208 of the retractable bridge body 301 (with respect to
the gap 401) of the gap 401 (i.e. the upper edges 207, 208 of
the gap 401) can be rounded with a radius of about 0 mm to
about 1 mm. The edges may be chamfered. Use of one of these
features this will reduce the pinning behavior of the meniscus
as described previously.

The extraction channel openings 410 may be about 1 mm
below the top surface of the retractable bridge body 301 (i.e.
the depth of the extraction channel openings 410 is about 1
mm). The depth of the extraction channel relative to the top
surface of the retractable bridge body 301 enables the fluid
extraction system to remove substantially all of the immer-
sion liquid that escapes into the gap in a small amount of time.
This arrangement reduces, desirably substantially minimizes,
the volume of the upper part of the gap 401 (i.e. the gap 401
less the slit 350). If the volume of the upper part of the gap 401
is larger than a threshold size (for certain parameters such as
flow rate) it would take a long time to remove immersion
liquid from the gap 401. Immersion liquid may then escape
through the slit 350 and may, for example, escape back out of
the gap 401 onto the top surface.

As mentioned previously, the slit 350 may be angled with
respect to the gap 401 opening and the extraction channels
420, which may be horizontal or parallel with respect to the
top surface of the retractable bridge body 301. FIG. 14a
shows a horizontal extraction channel 420 setup. The extrac-
tion channels 420 may be placed horizontally. The position of
the slit 350 may be angled by altering angles § and 8. FIG. 14a
also shows surface 405 at an angle to the top surface of the
substrate table WT of about 60°. The angle may be between
30 to 90°.

An arrangement with a generally non-vertical gap 410
and/or slit 350 geometry is shown in FIG. 145. In an embodi-
ment the extraction channel 420 may be angled with respect
to the surface of the bridge head 250. An embodiment thus
may have a geometry in which the extraction channel 420 is
not perpendicular to the slit 350, i.e. they are acutely or
obtusely angled with respect to each other. The angle of the
extraction channel 420 may be altered with respect to the slit
350 by altering angles [ and 6. Angle § may range between 0
and 180° desirably 70-125° and angle 6 may range between 0
and 180° desirably 70-125°. Generally a sum of §§ and 6 is
equal to about 180°.
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The gap and fluid extractor geometry may be used at any
interface in the plane of the substrate table top surface. For
example, the sensor edge, substrate edge, measuring table
edge and substrate table edge are all suitable locations. Note
that locations for which fluid extractor systems have previ-
ously been described in which the opening is a slit, it is
recognized that new features include: the system geometry,
coating locations and the use of discrete extraction channels
rather than a single slit.

For an example of an implementation in a substrate table, at
the substrate W edge, see FIG. 15. For a substrate edge fluid
extractor system the new features may include, but are not
limited to the following. A coating may be present on the
surface of the extraction channels 420, beyond the extraction
channel opening 410. A coating may be present on the sub-
strate table WT surface beneath the substrate W, (i.e. the
substrate support). The edge of the recess in which the sub-
strate W is placed may be rounded, with a radius of curvature
of for example less than about 0.5 mm, desirably about 0.1
mm to about 0.2 mm, but not 0 mm. The surface 205 in which
the extraction channel openings 410 are formed may be
sloped, so that it is in the shape of, for example, a truncated
cone with the part of the cone which has the lowest diameter
being at the top. The coating of the substrate, for example at
the edge of the substrate near the gap, may be liquidphobic or
liquidphilic. A liquidphobic surface may enable a faster rela-
tive motion between the projection system and the substrate,
i.e. faster scan speed. A liquidphilic surface may provide a
better bubble performance that is a surface which may enable
the risk of bubble inclusions within the immersion liquid to be
reduced.

The fluid extraction system, with the described geometry
and/or contact angle patterning may be implemented to a gap
401 between the interface of two tables, for example two
substrate tables or a substrate table and measurement table.
The fluid extraction system may prevent immersion liquid
from escaping a reservoir of immersion liquid confined in a
fluid or liquid handling structure as a gap crosses under it, or
bubbles from being included in the reservoir from the gap, or
both. The fluid extraction system may be implemented in the
facing edge sides of the two tables. The fluid extraction sys-
tem may be present in an edge of each table so that when the
tables are brought together, there is a fluid extraction system
in at least one of the edges, desirably underneath the path of
the liquid confinement structure. FIG. 16 illustrates an
embodiment in which a fluid extraction system is positioned
on adjacent substrate tables WT. In an alternative embodi-
ment a fluid extraction system may only be positioned on one
of the substrate tables WT. In another embodiment one of the
substrate tables WT may be replaced by a measurement stage
or table. A measurement stage or table may be configured so
that it is not capable of supporting a substrate, but may com-
prise for example, sensors, measurement tools, a cleaning
station and cleaning tools. Particularly in such an embodi-
ment, the plurality of discrete extraction openings 410 and
extraction channels 420 may be replaced by a single slit.

The arrangement of the gap 401, extraction openings 410,
extraction channels 420 and slit 420 in each table WT1, WT2
may be arranged as in any of the embodiments described
above. An embodiment is shown in FIG. 16. The extraction
channel openings are positioned in a recess in the side of the
substrate table WT. A ledge 403 is present like in the embodi-
ment of FIG. 12. The only difference is that a projection 506
is present at the outer edge of each ledge 403 though these
projections 506 may not be present. The edge of the substrate
table WT above the extraction channel openings 410 has a
complicated shape. From the top, the surface of the edge is
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vertical. In a central portion the edge slopes inwards, towards
the extraction openings 410 in a downward direction. In a
final portion the surface is again vertical.

Note variations of the fluid extraction system for the gap
between the retractable bridge and the substrate table may be
applied to each of these other arrangements.

To extract the immersion liquid through the extraction
channels a certain pressure drop over these extraction chan-
nels 420 should desirably exist. The pressure drop should
desirably overcome the resistance derived from immersion
liquid and extraction channel wall interactions, as shown in
FIG. 17. The minimal gas speed v is a function of the length
1 of the extraction channels 420, the contact angle 6 in FIG. 17
of immersion liquid with walls of the extraction channel 420,
surface tension o of the fluid, viscosity of gas p and the
diameter D (or two times radius r in FIG. 17) of the extraction
channel 420. The relationship between these parameters is
shown in the following equations:

4-0-cosf

APcgp = )

this determines the so called “bubble point”

AP, >AP,_,,, condition to avoid capillary clogging
32-l-v-pu 1
AP = 2 + CEPVZ,

this determines the extraction flow

AP, >5AP_ ,..ror» condition for uniform extraction
through the holes

The extraction system should desirably be laid out such
that there is a guaranteed flow through all extraction channels,
despite the influence of capillary effects.

If a hole is filled with liquid, it can not be emptied if the
pressure drop over it is less than a ‘bubble point’. The ‘bubble
point’is the pressure needed to pull the liquid through the hole
against the capillary pressure. This is relationship is shown in
the first formula above.

To avoid the blocking of an extraction channel, the pressure
drop over all channels should desirably be larger than the
capillary pressure as defined by the second formula above.
That is, the pressure drop over all of the extraction channels
420 defined by AP, , should desirably be greater than the
capillary pressure generated by fluid being present in an
extraction channel 420. If this is the case, any fluid in an
extraction channel 420 will be extracted into the collector
channel 430 thereby ensuring that none of the extraction
channels 420 will become permanently blocked with liquid.
Because all extraction channels 420 are connected to the same
extraction duct, i.e. the collector channel 430, they all expe-
rience substantially the same pressure drop. Undesirably all
the extraction channels but one contain gas and are not filled
with liquid. Thus, the flow resistance for the gas is very low.
There is then the risk of the pressure drop in the extraction
channels dropping below the “bubble point”. In such a case,
the extraction channels containing liquid are not emptied.
Liquid remains in each filled channel.

To help to ensure the bubble point pressure is reached, the
gas flow through the extraction channels should be suffi-
ciently large so that the pressure drop is larger than the
required pressure. This is shown in the third formula above.

The fourth formula above represents the relationship to
ensure the width of the collector channel 420 is sufficiently
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large to create uniform conditions for all extraction channels
420. That is, this formula ensures that the pressure drop over
the extraction channels 420 is greater than the pressure drop
along the length of the collector channel 430. In other words,
that the pressure drop over all of the extraction channels 420
is greater than the capillary force for each extraction channel
420, regardless of its position relative to an outlet or outlets
from the collector channel 430. A controller 600 is provided
to ensure that the flow out of the collector channel 430 is high
enough to meet the above conditions.

As described above, it is advantageous that the gap 401
should only pass under the fluid handling system in one
direction. For the case where the gap 401 is a gap between a
substrate table and a swap bridge such a system is illustrated
schematically in FIGS. 18a and 185. The same principles
could be applied to: the swapping of one substrate table WT1
for another substrate table WT2 under the fluid handling
system without a swap bridge; or the swapping of a first
substrate table WT1 for a measurement stage followed by
swapping of that with a second substrate table WT2 under the
fluid handling system.

FIG. 18a illustrates a first situation in which a first substrate
table WT1 is positioned under the fluid handling system or
liquid confinement structure TH. A first swap bridge 301a is
positioned on the left hand side of substrate table WT1. The
first swap bridge 301a may either be associated with the left
hand side of the first substrate table WT1 or the right hand side
of'the second substrate WT2. The second substrate table WT2
is positioned to the left of the first swap bridge 301« and the
first substrate table WT1 is positioned to the right of the swap
bridge 301a. The first and second substrate tables WT1 and
WT2 and the swap bridge 301a move rightwards as illustrated
by arrow 701 so that the second substrate table W2 moves
under the fluid handling system or liquid confinement system
TH. A fluid extraction system 400 as hereinbefore described,
may be present in either or both gaps on both sides of the first
swap bridge 301a.

The first substrate table WT1 can then travel using any path
740 and passing any service 750 (e.g. substrate control, load,
measurement etc) prior to moving to the left hand side of the
second substrate table WT2.

In order for the substrate table WT2 to be swapped from
under the fluid handling system or liquid confinement struc-
ture IH and be replaced by the first substrate table WT1, the
first substrate table WT1 is provided to the left of the substrate
table WT2 which is under the fluid handling system or liquid
confinement structure IH as illustrated in FIG. 185. A second
swap bridge 3015 which may be different to the first swap
bridge 301a is then provided. The second swap bridge 3015
may be attached to the left hand side of the second substrate
table WT?2 or to the right hand side of the first substrate table
WT1. This is the opposite side to which the swap bridge 301«
in FIG. 18a is attached. The first substrate table and second
substrate table WT1, WT2 and the second swap bridge 3015
then move to the right so that the first substrate table WT1 is
positioned under the fluid handling structure or liquid con-
finement structure IH. In this way each of the gaps between
the substrate tables WT1, WT2 and the swap bridges 301a,
3015 are only traversed in one direction. This allows the
design of the fluid extraction device 400 to be optimized for
movement in that particular direction.

A similar scheme may be used for swapping different
types/combinations of table (e.g. a measurement table) under
the fluid handling system.

A motion controller 700 is provided for controlling move-
ment of the substrate tables WT1, WT2, measurement table,
etc. under the projection system PS.
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FIGS. 194 and 195 illustrate the difference in behavior of a
meniscus as it passes over a sharp edge and a curved edge.
FIG. 194 shows the behavior of a meniscus moving over a
sharp edge, which is shown as height step 1000 in a surface
and may have a protrusion 1010 as shown. In the first illus-
tration of FIG. 194, a liquid confinement structure 12 is
shown located above the height step 1000. The liquid con-
finement structure 12 has an opening 1020 through which
liquid is supplied towards the surface with the height step
1000 (which hereafter is referred to as a facing surface).
Liquid is removed in a two phase flow through an extraction
opening 1030. A meniscus 1040 is pinned at the extraction
opening 1030. The other end of the meniscus 1040 is located
on the facing surface. The relative motion between the liquid
confinement structure and the facing surface (e.g., the liquid
confinement structure is moving, or the facing surface is
moving, or both) is such that the meniscus 1040 (and the
immersion liquid in the space 11) is moving leftwards in FIG.
194, towards the height step 1000, as shown by arrow 1050.

When the end of the meniscus 1040 which is moving over
the facing surface reaches the protrusion 1010 it is pinned by
the protrusion 1010. This is shown in the second illustration in
FIG. 19a. So as the relative movement continues to cause
essentially meniscus 1040 to move leftwards away from the
protrusion, the meniscus 1040 extends and stretches. This is
shown in the third illustration in FIG. 19a. As the meniscus
extends it becomes weaker and may become unstable. The
meniscus may break, for example, at a point intermediate the
two ends of the meniscus contacting the facing surface, as
shown in the fourth illustration in FIG. 194. This could entrap
a bubble 1055 in the immersion liquid. Such a bubble may
move in the immersion liquid into the space 11 and interfere
with an exposure causing an increase in defectivity.

This description may apply to an advancing meniscus, as
there is relative movement between a confinement structure
and a facing surface of a table or a substrate W. A similar
mechanism may occur in a trailing meniscus where meniscus
instability may cause immersion liquid to escape from the
space 11 for example as droplets. The droplets may be a
further source of defectivity for example by applying a ther-
mal load on evaporating, leaving a drying stain after evapo-
rating and/or providing a risk of bubble inclusion in the
immersion space 11 on re-contacting the meniscus 1040.

The features of FIG. 195 are the same as that of FIG. 19a,
except the height step 1000 has a curved edge 1060, for
example with at least a certain radius of curvature. The edge
may smooth. An edge with a radius of curvature may reduce
the stretching of the meniscus. Therefore as the meniscus
1040 moves over the height step 1000 with a curved edge
1060, it has greater stability than the meniscus shown in FIG.
19a. A system with such a height step may be less likely to
cause bubble inclusions in an advancing meniscus and less
likely to cause droplet formation from a trailing meniscus.

The description of FIGS. 19a and 195 refers to a height
step. The height step may be a surface discontinuity, for
example the edge 207 of a surface at a gap as shown in FIGS.
12a, 126, 14a, 145, 15 and 16.

The height step 1000 may be, or an edge of, a removable
component 1070, which may be adhered to a surface, such as
a sticker. A removable component 1070 may be used to cover
a gap or provide a surface with a stable, persistent contact
angle for example as a liquidphobic surface. Such a remov-
able component may have a thickness providing a height
which is less than 100 micrometers, desirably selected from
the range of 10 to 50 micrometers, for example 15 to 30
micrometers, desirably less than 20 micrometers. Reducing
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the height (i.e. thickness) of the removable component may
reduce bubble inclusion and droplet loss.

On a facing surface there may be different features that
effectively provide height steps, such as between the substrate
and the substrate table, between the surface of a shutter mem-
ber and the substrate table, between a removable component
or a sensor on the table and substrate table. It is desirable that
the distance between such discontinuities or height steps is
optimized, desirably maximized, so as to reduce or minimize
the frequency with which the stability of the meniscus may be
affected.

Although specific reference may be made in this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, flat-panel
displays, liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“wafer” or “die” herein may be considered as synonymous
with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, in for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in
order to create a multi-layer IC, so that the term substrate used
herein may refer to a substrate that already contains multiple
processed layers.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 365,
248, 193, 157 or 126 nm).

The term “lens”, where the context allows, may refer to any
one or combination of various types of optical components,
including refractive and reflective optical components.

In an embodiment, there is provided an immersion litho-
graphic apparatus, comprising: a substrate table, a shutter
member, a fluid handling structure and a fluid extraction
system. The substrate table is configured to support a sub-
strate. The shutter member has a top surface, wherein, in use,
the top surface is substantially co-planar with a surface of the
substrate table and the surfaces of the shutter member and the
substrate table are spaced apart by a gap. The fluid handling
structure is configured to supply and confine liquid between a
projection system and (i) the substrate, or (ii) the substrate
table, or (iii) a surface of the shutter member, or (iv) any
combination selected from (i)-(iii). The fluid extraction sys-
tem is configured to remove liquid from the gap through an
extraction opening in a side wall surface of the shutter mem-
ber and/or of the substrate table.

The shutter member may be a second table. The second
table may be a second substrate table. The second table may
be a measuring table. The shutter member may be a bridge
between the substrate table and a second table. The bridge
may be a retractable bridge.

The fluid extraction system may comprise a plurality of
extraction openings, each opening being defined in the side-
wall surface. The sidewall surface of the gap surrounding the
openings may be lyophilic. Atleast part of a surface of the gap
may be lyophobic. In an embodiment, substantially all the
surface of the gap may be lyophobic.

Each extraction opening may be an aperture of an extrac-
tion channel. Each extraction channel may be connected to a
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collector channel, the collector channel being common to at
least two extraction channels, desirably all the extraction
channels. The collector channel may be in the substrate table
or shutter member in which the extraction opening is formed.
The volume of the collector channel may be substantially
larger than the combined volume of the extraction channels.

The apparatus may further comprise a controller config-
ured to control a flow rate out of the collector channel such
that the pressure drop over each of the extraction channels is
greater than a capillary pressure generated by fluid being
present in an extraction channel. The controller may be con-
figured to control the flow rate out of the collector channel
such that the pressure drop over each of the extraction chan-
nels is at least 5 times greater than the pressure drop over the
collector channel.

The radius of an upper edge of the gap may be less than 0.5
mm, desirably between 0.1 mm and 0.3 mm, and greater than
0 mm.

The apparatus may comprise a controller configured to
control movement of objects in the apparatus such that the
gap moves under the fluid handling structure in only a first
direction. The gap may be open to a gas source from under the
extraction opening. The apparatus may comprise a ledge in
the gap, the ledge defining a surface substantially parallel
with a top surface of the substrate table and below the extrac-
tion opening. The ledge may protrude from the sidewall sur-
face by between 0.5 mm and 0 mm, desirably between about
0.15 mm and 0.05 mm. A bottom of the extraction opening
may co-planar with the ledge.

The apparatus may comprise a plurality of extraction open-
ings arranged in the gap in a pattern along the edge of the
substrate table, or the shutter member, or both. In the pattern
the extraction openings may be spaced equidistantly apart.

The gap beyond the opening may be a slit and the slit is
angled with respect to the opening. The slit may be at an angle
of'between 0 and 180°, desirably 70-125° to the top surface of
the substrate table.

In an embodiment, there is provided an immersion litho-
graphic apparatus, comprising: a substrate table, a fluid han-
dling structure, and a fluid extraction system. The substrate
table may be configured to support a substrate. The fluid
handling structure may be configured to supply and confine
liquid between a projection system configured to direct a
patterned beam of radiation at a target portion of the substrate,
and the substrate, or the substrate table, or both. The fluid
extraction system may be configured to remove liquid from a
gap between the substrate and the substrate table, and may
comprise a plurality of extraction openings to extract liquid,
the openings being defined in a surface of the gap.

The surface of the gap surrounding the openings may be
lyophilic. At least part of the surface of the gap may be
lyophobic. Each opening may be an aperture of an extraction
channel. Each extraction channel may be connected to a col-
lector channel, the collector channel being common to at least
two extraction channels, desirably all the extraction channels.
The volume of the collector channel may be substantially
larger than the combined volume of the extraction channels.
The openings may be arranged in the gap in a pattern along
the edge of the substrate table, or the shutter member, or both.
The gap beyond the openings may be a slit and the slit may be
angled with respect to the openings.

In an embodiment, there is provided an immersion litho-
graphic apparatus comprising: a substrate table, a fluid han-
dling structure and a fluid extraction system. The substrate
table is configured to support a substrate. The fluid handling
structure is configured to supply and confine liquid between a
projection system configured to direct a patterned beam of
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radiation at a target portion on the substrate, and an underly-
ing substantially planar surface, the underlying surface com-
prising two parts having a gap defined therebetween. The
fluid extraction system is constructed and arranged to remove
liquid from the gap, and comprises a plurality of openings
arranged in a pattern.

The pattern may be a linear arrangement. The pattern may
be repeating. The openings may be mutually equidistant. The
two parts of the underlying surface may be defined by a
substrate table and a substrate respectively. The two parts of
the underlying surface may be defined by a substrate table and
a shutter member respectively. The plurality of openings may
be in a side wall surface of one of the two parts.

In an embodiment, there is provided a device manufactur-
ing method comprising using a fluid handling structure to
supply and confine liquid between a projection system con-
figured to direct a patterned beam of radiation at a target
portion of a substrate, and an underlying substantially planar
surface, the underlying surface comprising two parts having a
gap defined therebetween, and removing liquid from the gap
using a fluid extraction system comprising a plurality of open-
ings arranged in a pattern.

The method may comprise moving the gap under the fluid
handling structure a plurality of times, the moving only being
in a first direction. The plurality of openings may be in a
sidewall surface of at least one of the two parts. Each opening
may be an aperture of an extraction channel. Each opening
may be connected to a collector channel, the collector channel
being common to at least two openings, desirably all the
openings. The volume of collector channel may be substan-
tially larger than the combined volume of a plurality of extrac-
tion channels connecting the openings to the collector chan-
nel. An extraction rate out of the collector channel may be
such that the pressure drop over each of a plurality of extrac-
tion channels connecting the openings to the collector chan-
nel is larger than the capillary pressure of liquid in each
extraction channel. The collector channel may be in the partin
which the openings are present.

In an embodiment, there is provided a lithographic appa-
ratus comprising: a projection system; a first object, a second
object and a controller. The controller is configured to control
movement of the first and second objects in the apparatus
such that when the first object replaces the second object
under the projection system both objects always move in
substantially the same direction and when the second object
replaces the first object under the projection system both
objects always move in substantially the same direction.

In an embodiment, there is provided a device manufactur-
ing method comprising using a fluid handling structure to
supply and confine liquid between a projection system con-
figured to direct a patterned beam of radiation at a target
portion of a substrate, and an underlying substantially planar
surface, the underlying surface comprising two parts having a
gap defined therebetween, and moving the gap under the fluid
handling structure a plurality of times, the moving only being
in a first direction.

While specific embodiments of the invention have been
described above, it will be appreciated that the invention may
be practiced otherwise than as described. For example, the
embodiments of the invention may take the form of a com-
puter program containing one or more sequences of machine-
readable instructions describing a method as disclosed above,
or a data storage medium (e.g. semiconductor memory, mag-
netic or optical disk) having such a computer program stored
therein. Further, the machine readable instruction may be
embodied in two or more computer programs. The two or
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more computer programs may be stored on one or more
different memories and/or data storage media.

The controllers described above may have any suitable
configuration for receiving, processing, and sending signals.
For example, each controller may include one or more pro-
cessors for executing the computer programs that include
machine-readable instructions for the methods described
above. The controllers may include data storage medium for
storing such computer programs, and/or hardware to receive
such medium.

One or more embodiments of the invention may be applied
to any immersion lithography apparatus, in particular, but not
exclusively, those types mentioned above, whether the
immersion liquid is provided in the form of a bath, only on a
localized surface area of the substrate, or is unconfined on the
substrate and/or substrate table. In an unconfined arrange-
ment, the immersion liquid may flow over the surface of the
substrate and/or substrate table so that substantially the entire
uncovered surface of the substrate table and/or substrate is
wetted. In such an unconfined immersion system, the liquid
supply system may not confine the immersion liquid or it may
provide a proportion of immersion liquid confinement, but
not substantially complete confinement of the immersion lig-
uid.

A liquid supply system as contemplated herein should be
broadly construed. In certain embodiments, it may be a
mechanism or combination of structures that provides a lig-
uid to a space between the projection system and the substrate
and/or substrate table. It may comprise a combination of one
or more structures, one or more liquid inlets, one or more gas
inlets, one or more gas outlets, and/or one or more liquid
outlets that provide liquid to the space. In an embodiment, a
surface of the space may be a portion of the substrate and/or
substrate table, or a surface of the space may completely
cover a surface of the substrate and/or substrate table, or the
space may envelop the substrate and/or substrate table. The
liquid supply system may optionally further include one or
more elements to control the position, quantity, quality,
shape, flow rate or any other features of the liquid.

Moreover, although this invention has been disclosed in the
context of certain embodiments and examples, it will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. In addi-
tion, while a number of variations of the invention have been
shown and described in detail, other modifications, which are
within the scope of this invention, will be readily apparent to
those of skill in the art based upon this disclosure. For
example, it is contemplated that various combination or sub-
combinations of the specific features and aspects of the
embodiments may be made and still fall within the scope of
the invention. Accordingly, it should be understood that vari-
ous features and aspects of the disclosed embodiments can be
combined with or substituted for one another in order to form
varying modes of the disclosed invention. Thus, it is intended
that the scope ofthe present invention herein disclosed should
not be limited by the particular disclosed embodiments
described above, but should be determined only by a fair
reading of the claims that follow.

The descriptions above are intended to be illustrative, not
limiting. Thus, it will be apparent to one skilled in the art that
modifications may be made to the invention as described
without departing from the scope of the claims set out below.

What is claimed is:

1. An immersion lithographic apparatus, comprising:

a substrate table configured to support a substrate;
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a shutter member having a top surface, wherein, when the
shutter member is adjacent the substrate table, the top
surface is substantially co-planar with a surface of the
substrate table and/or the substrate and the surfaces of
the shutter member and the substrate table are spaced
apart by a gap;

a fluid handling structure configured to supply and confine
a liquid between a projection system and (i) the sub-
strate, or (ii) the substrate table, or (iii) a surface of the
shutter member, or (iv) any combination selected from
(1)-(iii); and

a fluid extraction system configured to remove at least
some of the liquid from the gap through an extraction
opening in a sidewall surface of the shutter member
and/or in a sidewall surface of the substrate table, the
sidewall surface having an orientation different from a
top surface of the substrate when supported by the sub-
strate table and having at least a portion thereof extend-
ing diagonally to undercut the respective top surface of
the shutter member and/or the surface of the substrate
table, the extraction opening having an orientation with
at least a vertical direction component, and the sidewall
surface having a ledge that is below the extraction open-
ing, is at least partly underneath the diagonal portion,
and extends away from the extraction opening such that
an outer edge of the ledge is laterally spaced apart from
the other of the shutter member or the substrate table.

2. The apparatus of claim 1, wherein the shutter member is
a second table.

3. The apparatus of claim 2, wherein the second table is a
second substrate table or a measuring table.

4. The apparatus of claim 1, wherein the shutter member is
a bridge between the substrate table and a second table.

5. The apparatus of claim 4, wherein the bridge is a retract-
able bridge.

6. The apparatus of claim 1, wherein the extraction opening
is a plurality of extraction openings, each opening being
defined in the sidewall surface.

7. The apparatus of claim 6, wherein the sidewall surface of
the gap surrounding the openings is lyophilic.

8. The apparatus of claim 6, wherein at least part of a
surface of the gap is lyophobic.

9. The apparatus of claim 6, wherein each extraction open-
ing is an aperture of an extraction channel and wherein each
extraction channel is connected to a collector channel, the
collector channel being common to at least two extraction
channels of the plurality of extraction channels.

10. The apparatus of claim 9, wherein the collector channel
is in the substrate table or shutter member in which the extrac-
tion opening is formed.

11. The apparatus of claim 9, wherein a volume of the
collector channel is substantially larger than a combined vol-
ume of the extraction channels.

12. The apparatus of claim 9, further comprising a control-
ler configured to control a flow rate out of the collector chan-
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nel such that a pressure drop over each of the extraction
channels is greater than a capillary pressure generated by the
liquid being present in an extraction channel.

13. The apparatus of claim 12, wherein the controller is
configured to control the flow rate out of the collector channel
such that the pressure drop over each of the extraction chan-
nels is at least 5 times greater than a pressure drop over the
collector channel.

14. The apparatus of claim 1, further comprising a control-
ler configured to control movement of objects in the apparatus
such that the gap moves under the fluid handling structure in
only a first direction.

15. The apparatus of claim 1, comprising a plurality of
extraction openings arranged in the gap in a pattern along an
edge of the substrate table, or the shutter member, or both.

16. The apparatus of claim 1, wherein the sidewall surface
is oriented at an angle with regard to the top surface of the
substrate, the angle being substantially different from 0° or
substantially different from 90°.

17. An immersion lithographic apparatus, comprising:

a substrate table configured to support a substrate;

a fluid handling structure configured to supply and confine

liquid between a projection system configured to direct
a patterned beam of radiation at a target portion of the
substrate, and the substrate, or the substrate table, or
both; and

a fluid extraction system configured to remove liquid from

a gap between the substrate and the substrate table, and
comprising a plurality of extraction openings to extract
liquid, the extraction openings being defined in a surface
of the gap and each defining a two-dimensional aperture
plane in a plane of the surface, the surface of the gap
having an orientation different from a top surface of the
substrate when supported by the substrate table and the
two-dimensional aperture planes having an orientation
with at least a vertical direction component,

wherein the substrate table comprises an opening to the gap

defined in a surface that is below the plurality of extrac-
tion openings, is transverse to the surface of the gap and
is connected via a passage through the substrate table to
the atmosphere.

18. The apparatus of claim 17, wherein the surface is ori-
ented at an angle with regard to the top surface, the angle
being substantially different from 90°.

19. The apparatus of claim 17, wherein each extraction
opening is an aperture of an extraction channel and wherein
each extraction channel is connected to a collector channel in
the substrate table, the collector channel being common to at
least two extraction channels of the plurality of extraction
channels.

20. The apparatus of claim 17, wherein the surface of the
gap surrounding the openings is lyophilic.
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